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process,  which  emerged  during  the  study,  is  the  triggering  of  route  knowledge 
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and  novices  tended  to  notice  ways  to  improve  routes  in  the  field  as  compared 
to  the  routes  they  predicted  thiy  would  take.  In  addition,  experts  were  signi¬ 
ficantly  better  at  recognizing  photographs  of  various  street  intersections  than 
were  novices,  particularly  for  the  less  well-known  areas.  Not  suprisingly, 
experts  also  exhibited  superior  knowledge  of  neighborhoods  and  streets. 
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One  of  the  central  questions  about  cognitive  skills  is  how  the 
necessary  knowledge  is  organized.  In  the  case  of  spatial  skills,  there 
are  at  least  three  theoretical  viewpoints  on  the  nature  of  Internal 
representation  of  large-scale  environments.  The  cognitive  mapping 
approach  suggests  that  this  representation  is  very  much  like  a  "map  in  the 
head."  The  more  recent  geographical  approach  is  still  very  map-like,  but 
places  more  emphasis  on  an  abstracted  representation  based  on 
psychologically  salient  features  and  their  relationships.  The  cognitive 
science  approach,  on  the  other  hand,  recognizes  that  the  representation 
need  not  be  map-like  at  all,  and  emphasizes  that  the  processes  which 
operate  on  it  are  an  Integral  part  of  spatial  skill.  This  study  of 
expert-novice  differences  among  taxi  drivers,  involving  both  laboratory 
tasks  and  actual  driving  in  the  field,  has  confirmed  the  validity  of  the 
cognitive  science  approach.  Tasks  in  which  a  map-like  representation 
would  be  of  value,  such  as  map  drawing  and  placing  locations  on  outline 
maps,  showed  no  skill  differences  at  all.  The  representation  which  did 
emerge  is  a  hierarchy  based  upon  geographical  areas.  At  the  top  level  are 
global  features  (Pittsburgh's  three  rivers),  then  general  areas  (north 
side,  east  end),  then  neighborhoods  and,  finally,  locations  within 
neighborhoods.  It  may  be  that  this  representation  is  Important  in 
planning  a  route,  because  a  general  path  between  the  areas  of  the 
hierarchy  in  which  the  current  position  and  the  destination  are  located 
can  be  retrieved  first  and  elaborated  as  needed.  One  important  component 
of  this  elaboration  process,  which  emerged  during  the  study,  is  the 
triggering  of  route  knowledge  by  visual  scenes  or  icons  as  they  ere 


encountered  along  the  way.  Both  experts  and  novices  tended  to  notice  ways 
to  Improve  routes  In  the  field  as  compared  to  the  routes  they  predicted 
they  would  take.  In  addition,  experts  were  significantly  better  at 
recognizing  photographs  of  various  street  intersections  than  were  novices, 
particularly  for  the  less  well-known  areas.  Not  surprisingly,  experts 
also  exhibited  superior  knowledge  of  neighborhoods  and  streets. 
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The  issue  Chat  guides  the  present  research  program  concerns  the 
representation  of  large-scale  environments,  environments  that  are  too 
large  to  be  perceived  from  a  single  vantage  point.  In  particular,  this 
paper  is  concerned  with  the  effects  of  experience  on  the  representation 
of  a  large  urban  environment,  and  experience  is  manipulated  by  the  use 
of  expert  and  novice  taxi  drivers. 

THEORIES  OF  REPRESENTATION 

There  are  at  least  three  distinct  theoretical  viewpoints  on  the 
nature  of  the  internal  representation  of  large-scale  environments:  (a) 
the  cognitive  mapping  approach,  (b)  the  geographical  approach,  and  (c) 
the  cognitive  science  approach.  Each  of  these  is  briefly  considered  in 
turn. 

The  Cognitive  Mapping  Approach 

The  cognitive  mapping,  or  "map-in-the-head"  approach  originated 
with  Tolman's  (1948)  seminal  paper  in  which  he  discredited  the  idea  that 
animals  (and  people)  learn  to  navigate  around  their  environment  solely 
by  means  of  stimulus-response  associations  between  cues  in  the 
environment  and  motor  responses.  For  example,  he  conclusively 
demonstrated  that  rats  can  navigate  a  maze  by  means  of  an  external  cue 
or  landmark  because,  when  given  a  chance,  they  will  head  directly  toward 
the  goal  box  rather  than  follow  the  route  they  learned  through  the  maze. 
Tolman  concluded  that  rats  (and  people)  navigate  by  means  of  a 
"cognitive  map"  of  their  environment,  a  2-dimensional  internal 
representation  with  topological  and  perhaps  even  geometric  properties  of 
external  maps. 


Another  influential  map-in-the-head  theory  is  that  of  Piaget 
(Piaget  and  Inhelder,  1956),  who  suggests  that  as  children's  cognitive 
processes  develop,  there  are  also  fundamental  changes  in  the  nature  of 
their  spatial  representations.  Before  children  enter  Concrete 
Operations,  at  around  5  or  6  years  of  age,  their  spatial  knowledge  is 
organized  primarily  as  routes.  Thus,  they  can  navigate  only  over  known 
paths  and  are  generally  incapable  of  taking  shortcuts  or  navigating  off 
of  known  routes.  Near  the  beginning  of  the  Concrete  Operations  Stage, 
however,  children  acquire  topological  properties  of  their  environment 
and  thus  are  able  to  navigate  with  respect  to  landmarks  as  well  as 
routes . 

The  Russian  psychologist  Shemakin  (1962)  has  made  a  similar 
distinction  in  the  development  of  children's  spatial  representations 
from  route  knowledge  to  survey  knowledge.  Shemakin  suggested  that  the 
most  notable  shift  in  children's  spatial  knowledge  occurs  when  they  are 
able  to  leave  known  routes,  know  the  bearings  of  landmarks,  and  in 
general  navigate  toward  known  locations  without  having  travelled  that 
route  before. 

Finally,  according  to  Piaget,  there  is  an  additional  improvement  in 
spatial  representation  toward  the  end  of  the  Concrete  Operations  Stage 
at  around  11  or  12  years  of  age,  when  children  acquire  adult-like 
Euclidean  representations,  in  which  metric  properties  of  the  environment 
are  also  included  as  part  of  the  representation.  Thus,  in  addition  to 
routes,  landmarks,  and  topological  properties,  fairly  accurate  metric 
properties  of  distances  and  bearings  are  also  included  in  the 
representation  and  more  Importantly,  the  child  now  has  the  adult-like 
ability  to  navigate  with  respect  to  some  abstract  frame  of  reference, 
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such  as  Che  cardinal  dlreccions. 

Finally,  some  people  have  suggested  Chat  adults,  when  they  learn  a 
new  environment,  proceed  through  these  same  Piagetlan  Stages  In  their 
representations  (Appleyard,  1969). 

The  Geographical  Approach 

Lynch  (1960),  In  his  classic  book  The  Image  of  the  City,  has 
proposed  a  slightly  different  version  of  a  map-in-the-head  theory. 
Lynch  conducted  extensive  interviews  and  field  studies  in  an  attempt  to 
determine  those  parts  of  the  city  chat  are  most  imaginable  and  memorable 
and  otherwise  salient  in  peoples'  minds.  His  idea  was  to  generate  a  map 
of  the  city  with  these  psychologically  salient  parts  as  the  basic 
elements  —  a  kind  of  mental  geography,  if  you  will.  Lynch's  impressive 
analysis  of  the  relative  imageability  of  the  cities  of  Boston,  Jersey 
City  and  Los  Angeles  has  had  a  tremendous  impact  on  geographers, 
urbanologists,  and  city  planners,  and  it  has  served  as  a  model  for  the 
psychological  analysis  of  the  city. 

Lynch's  theory  is  based  on  five  abstract  elements:  paths,  nodes , 
edges,  landmarks ,  and  regions.  Paths,  landmarks  and  regions  are 
self-explanatory.  An  edge  is  a  boundary  between  regions,  either  real, 
such  as  a  river  or  railroad,  or  lmaginal,  such  as  a  street.  A  node  is  a 
focal  point,  such  as  a  city  square  or  railroad  station,  where  some 
important  activity  takes  place.  According  to  Lynch,  the  psychological 
representation  of  the  city  is  an  abstracted  2-dimensional  representation 
comprised  of  these  five  types  of  basic  elements.  Note  how  Lynch's 
theory  differs  from  the  earlier  theories  in  that  abstract  elements  are 
stressed.  This  geographic  approach  has  been  criticized  on  the  grounds 


Chat  ic  assumes  too  much  of  a  geographic  2-dimensional  representation 
(Chase  and  Chi,  1981;  Downs  and  Stea,  1973). 

The  Cognitive  Science  Approach 

The  cognitive  science  approach  differs  from  the  earlier  theories 
mainly  in  that  it  does  not  assume  a  map  metaphor,  and  it  places  an 
emphasis  on  process  and  representation  together  as  integral  components. 
Another  characteristic  of  the  cognitive  science  approach  is  its  emphasis 
on  hierarchical  representations.  A  side  issue  that  is  often  associated 
with  the  cognitive  science  approach  is  the  analog  versus  propositional 
debate,  but  for  the  purpose  of  the  present  discussion,  we  will  remain 
neutral  on  that  point. 

The  best  cognitive  science  theory  of  large-scale  environment  is 
Kuipers'  (1978)  TOUR  model.  In  this  model,  the  environment  is 
represented  as  a  propositional  network  of  relationships,  and  the  basic 
elements  of  the  network  are  very  Lynch-like.  Routes,  for  example,  are 
propositional  structures  that  contain  a  series  of  locations  along  a 
path,  the  path's  bearing,  and  other  information  that  tells  how  to  get 
from  one  place  to  the  next  along  the  route.  Regions  are  built  up  out  of 
collection  of  routes,  regions  can  be  nested  hierarchically  within  larger 
regions,  and  so  on. 

Inferencing  rules  are  also  included  so  that  if  a  path  is 
incomplete,  some  simple  inferences  can  be  made  in  order  to  figure  out 
how  to  get  to  a  destination. 
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The  learning  mechanism  is  very  simple.  A  you-are-here  pointer  is 
moved  about  through  the  representation,  corresponding  to  movement  within 


the  environment,  and  new 

locations  and 

routes 

are  simply 

added 

to 

the 

existing  propositional 

network  as 

they 

are  encountered 

in 

the 

environment.  In  this  way,  a  mental 

model 

of  the 

environment 

is 

constructed  as  a  person  moves  through  the  environment  malting 
associations,  and  this  knowledge  is  stored  as  a  large  propositional 
network  of  routes,  landmarks,  regions  and  the  like. 

On  several  grounds,  the  TOUR  model  is  an  incomplete  theory.  The 
contents  of  working  memory  are  stored  as  a  list  of  features  associated 
with  the  you-are-here  pointer,  and  there  is  no  provision  for 
perspective-taking  and  imagining  a  schematic  map  in  the  mind's  eye.  The 
inferencing  rules  are  still  not  powerful  enough  to  solve  a  simple 
geometric  problem  that  people  do  all  the  time,  namely,  given  the 
direction  from  A  to  B  and  the  direction  from  A  to  C,  people  can  complete 
the  triangle  and  figure  out  the  direction  from  B  to  C. 

In  an  earlier  review  article  Chase  and  Chi  (1981)  drew  a 
distinction  between  inference  rules  and  automatic  procedures.  In 
contrast  to  the  above  kind  of  geometric  inferences,  automatic  procedures 
are  those  that  operate  when  travelling  well-known  routes.  At  choice 
points  along  a  well-known  route,  perceptual  features  from  the 
environment  automatically  retrieve  the  appropriate  choice  of  route  from 
the  long-term  memory  knowledge  base.  This  type  of  perceptual  or 
"Iconic"  knowledge  seems  to  be  rapidly  and  automatically  retrieved 
without  interfering  with  ongoing  cognitive  processing.  The  present 
paper  will  stress  the  acquisition  of  this  type  of  knowledge  with 
expertise. 
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THE  PAILHOUS  STUDY 

The  best  study  of  taxi  drivers  was  conducted  over  ten  years  ago  by 
Pailhous  (1969)  on  expert  and  novice  taxi  drivers  of  Paris.  In  his 
theorizing,  Pailhous  was  greatly  influenced  by  Piaget.  Pailhous 
proposed  that  taxi  drivers  represent  the  streets  of  Paris  as  a  2-tiered 
hierarchy:  a  base  and  a  secondary  system.  The  base  network  consists  of 
the  major  arteries  of  Paris,  the  frequently  used  thoroughfares  selected 
to  minimize  travel  distance  between  regions.  Pailhous  operationally 
defined  the  base  network  as  those  streets  that  were  highlighted  on  the 
Paris  map,  about  10%  of  the  total  number  of  streets.  The  secondary 
street  system  was  defined  as  the  other  90%  of  the  streets.  The  base 
network  evolved,  according  to  Piaget,  in  order  to  cover  the  city  with  a 
grid  network  of  major  streets  and  minimize  the  amount  of  travel  in  the 
secondary  network. 

Pailhous  found  that  both  experts  (average  10  years  experience)  and 
novices  (less  than  8  months  experience)  used  the  base  network.  When 
drivers  had  to  choose  between  a  long  and  a  short  base  route,  the  experts 
almost  always  selected  the  short  base  route  whereas  the  novices  often 
selected  the  longer  base  route.  When  Pailhous  presented  drivers  with  a 
detour  problem,  he  found  that  over  half  the  experts  used  the  secondary 
network  to  get  around  the  barrier  in  an  optimum  way,  whereas  almost  all 
the  novices  selected  a  longer  base  network  route  to  get  around  the 
barrier. 


Page  9 


Pailhous  suggested  that  the  basic  strategy  of  taxi  drivers  is  to 
maximize  the  amount  of  travel  on  the  secondary  network.  Thus,  drivers 
attempt  to  get  to  the  base  networks  as  quickly  as  possible  and  stay  on 
the  base  network  as  long  as  possible.  Experts,  however,  modify  this 
basic  strategy  in  order  to  utilize  the  secondary  network  to  shorten  the 
route  by  staying  longer  on  the  secondary  network  than  the  novice  and 
leaving  the  base  network  sooner  than  the  novice.  Pailhous  further 
speculated  that  drivers  have  an  accurate,  metric  representation  of  the 
base  network  and  an  approximate  topological  representation  of  the 
secondary  network.  Further,  drivers  use  a  "bird's-eye"  image  of  the 
base  network  for  navigating  but  they  have  a  ground-view  image  of  the 
secondary  network  and  they  navigate  with  respect  to  landmarks  in  the 
secondary  network. 

ANALYSIS  OF  PITTSBURGH  TAXI  DRIVERS 

In  the  present  study,  a  wide  variety  of  tasks  was  run  on  Pittsburgh 
taxi  drivers.  The  basic  sample  consisted  of  5  experts  with  10  or  more 
years  of  experience  (average  ■  18.2  years),  5  novice  drivers  with  less 
than  one  year  of  experience  (average  »  .7  years),  and  5  intermediate 
drivers  with  1  to  10  years  of  experience  (average  -  5.7  years),  although 
in  some  cases  more  than  5  subjects  per  group  were  run.  Also  a  control 
group  was  included  that  consisted  of  9  non-taxi  drivers  with  several 
years  driving  experience  (average  ■  6.5  years). 

Each  driver  was  given  several  hours  of  extensive  laboratory 
testing,  followed  by  a  2  or  3  hour  field  test.  The  laboratory  tests 
included  questionnaires;  map  drawing;  naming  of  streets;  landmarks 
and  neighborhoods;  distance  estimation;  picture  recognition;  and  a 
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variety  of  route  generation  tasks.  The  field  test  included  19  route 
generation  problems:  10  routes  that  were  also  given  in  the  laboratory 
and  9  new  problems. 

The  results  of  this  extensive  study  will  be  reported  in  detail 
elsewhere.  In  the  present  paper,  the  major  findings  are  summarized  and 
discussed  in  terms  of  their  implication  for  the  nature  of  the  underlying 
representation.  The  results  are  presented  in  three  sections:  (a) 
cognitive  mapping  tasks,  (b)  defining  the  base  network,  and  (c) 
route-finding  tasks. 

Cognitive  Mapping  Tasks 

In  none  of  these  cognitive  mapping  tasks  were  there  any  skill 
differences.  Of  particular  Interest  in  these  tasks,  outside  of  the  fact 
that  no  skill  differences  emerged,  is  evidence  for  the  structural  and 
hierarchical  nature  of  the  representation.  Included  among  the  cognitive 
mapping  tasks  were:  (a)  drawing  a  map  of  the  important  parts  of 
Pittsburgh,  (b)  drawing  a  map  of  several  selected  quadrilateral  street 
intersections,  (c)  naming  as  many  neighborhoods  as  possible,  (d)  placing 
20  of  the  most  well-known  neighborhoods  on  an  outline  map  of  Pittsburgh, 
and  (e)  making  distance  estimates  between  various  locations. 

Drawing  £  map  of  Pittsburgh.  In  this  task,  subjects  were  asked  to 
draw  a  map  of  the  important  parts  of  Pittsburgh,  and  their  map  drawing 
was  video  taped.  As  is  the  case  with  many  reproduction  tasks,  the 
output  is  structured.  Adjacent  neighborhoods,  for  example,  tend  to  be 
drawn  together  and  the  chunk  structures  (related  streets,  groups  of 
neighborhoods,  etc.)  are  separated  by  pauses.  Although  none  of  these 
results  are  quantified  here,  these  structures  are  obvious  from  an 


inspection  of  the  protocols. 

Another  interesting  analysis  of  the  protocols  concerns  what  is 
drawn  first.  Over  two  thirds  of  the  subjects  (18  of  26)  started  their 
drawings  with  the  river  system.  Other  types  of  first  items  included 
streets  (3/26)  and  neighborhoods  (3/26).  It  is  suggested  that  people 
start  their  drawings  with  some  more  global  features  —  in  this  case  the 
river  system  of  Pittsburgh  —  that  can  serve  as  a  reference  in  order  to 
place  the  more  local  features  (neighborhoods). 

Drawing  streets .  Four  sets  of  quadrilateral  street  groups  were 
selected  because  of  their  shapes.  None  of  them  was  a  standard 
rectangular  shape  and  few  of  the  streets  met  a  right  angles.  For  each 
shape,  the  subject  was  told  the  four  streets  and  asked  to  draw  a  map  of 
the  four  streets  as  accurately  as  he  could.  The  idea  was  to  see  if 
experts  with  many  years  of  driving  experience  would  draw  the  shapes 
correctly. 

The  drawings  were  rated  by  two  raters  on  a  5-point  scale:  (1) 
completely  wrong,  (2)  containing  topological  errors,  such  as  the 
incorrect  placement  of  streets,  (3)  topologically  correct,  such  that  all 
the  streets  were  in  their  correct  relative  locations,  (4)  topologically 
correct  with  additional  metric  information,  such  as  a  proper  angle  of 
intersection  or  elongated  shape,  and  (5)  topologically  correct  and 
metric  features  correct,  i.e.,  the  correct  shape.  There  was  virtually 
perfect  agreement  between  the  two  raters. 
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Table  1  shows  the  frequency  of  each  rating  as  a  function  of  skill 
level.  There  are  no  skill  differences,  and  only  about  5 X  of  the  maps 
received  a  5  rating.  The  mode  was  3,  and  the  next  highest  frequency  was 
a  2,  which  means  that  a  majority  of  the  time,  drivers  simply  drew  the 
streets  in  a  square  shape,  getting  the  relative  location  of  streets 
correct  (3)  or  else  making  an  error  (2). 

Insert  Table  1  about  here 


If  taxi  drivers  have  access  to  a  bird's-eye  metric  view  of  the 
city,  they  certainly  can  not  draw  it. 

Recalling  neighborhoods.  Subjects  were  asked  to  write  down  as  many 
neighborhoods  of  Pittsburgh  as  they  could  remember,  and  their  writing 
was  video  taped  and  pauses  between  neighborhoods  were  recorded.  In 
general,  subjects  tended  to  recall  neighborhoods  together  that  lie  in 
the  same  larger  geographic  area  (North  Side,  South  Side,  East  End),  and 
that  are  usually  adjacent  to  each  other  on  the  map.  The  average  pause 
time  between  neighborhoods  was  about  10  seconds  for  pairs  of 
neighborhoods  within  the  same  region  and  about  18  seconds  for  pairs  of 
neighborhoods  that  lie  in  different  regions  (j>  <  .001).  Thus,  it 
appears  that  they  are  retrieved  from  memory  in  chunks  that  contain  local 
clusters  of  neighborhoods. 

Placing  neighborhoods  on  £  map.  Subjects  were  asked  to  place  the 
20  most  well-known  neighborhoods  on  an  outline  map  of  Pittsburgh. 
Figure  1  shows  the  average  placement  of  each  neighborhood  for  the  15 
taxi  drivers  together  (solid  lines)  and  the  9  control  subjects  together 
(dashed  lines).  The  tail  of  the  arrow  is  where  the  center  of  the 
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neighborhood  is  located  and  the  head  of  the  arrow  is  the  average 
J  placement . 

Insert  Fig.  1  about  here 

! 

The  striking  feature  of  these  data  is  the  pronounced  distortion  of 
placements  toward  the  river  junction,  which  is  the  most  prominent 
|  landmark  in  the  area.  It  is  not  clear  from  these  data  whether  the 

reference  point  is  the  river  junction  or  the  Downtown  area. 
Nevertheless,  these  data  are  a  very  clear  Instance  of  a  general 
<  phenomenon:  memory  for  location  tends  to  be  distorted  toward  a 

reference  point  (Nelson  and  Chaiklin,  1980).  These  data  are  interpreted 
as  evidence  of  hierarchical  organization:  Neighborhoods  are  stored  in 
jj  memory  with  respect  to  a  prominent  global  feature  (three  rivers)  or 

perhaps  the  central  Downtown  neighborhood. 

Distance  estimations.  Subjects  were  given  pairs  of  well-known 
8  locations  in  the  Pittsburgh  area  and  asked  to  judge  the  direct  distance 

("as  the  crow  flies")  between  them.  Distances  varied  between  .75  and 
1.69  miles,  and  the  locations  were  either  within  a  neighborhood  or  in 
4  different  neighborhoods.  Further,  locations  between  neighborhoods  were 

separated  either  by  a  physical  barrier,  such  as  a  river  or  railroad 
track,  or  no  barrier. 

4 


Insert  Fig.  2  about  here 


The  data  are  shown  in  Fig.  2  for  each  skill  level  and  each  type  of 
distance  judgment.  There  were  no  skill  differences,  as  everyone  tended 
to  overestimate  distances.  Distances  were  overestimated  only  about  20% 
for  locations  within  the  same  neighborhood.  However,  distances  were 
greatly  overestimated  for  locations  separated  by  a  neighborhood 
boundary.  Further,  neighborhoods  separated  by  a  physical  barrier  were 
overestimated  slightly  more.  This  result  is  another  instance  of  a 
generaly  phenomenon:  Distance  estimates  across  hierarchical  boundaries 
are  greatly  over-estimated  (Stevens,  1976). 


To  summarize  the  results  so  far,  it  appears  that  drivers  have  a 
hierarchical  organization  of  locations  within  neighborhoods,  and 
neighborhoods  within  larger  geographic  regions.  The  larger  regions  are 
associated  with  global  features  of  the  environment  (the  3  rivers). 
Experts  do  not  have  a  map  in  the  head  that  they  use  to  navigate,  or  at 
least,  any  map  imagery  that  they  may  have  is  not  the  basis  of  their 
skill.  In  fact,  in  agreement  with  Pailhous  (1969),  our  experts  claim 
that  they  hardly  ever  use  maps. 


Defining  the  Base  Network 


In  this  part  of  the  study,  an  attempt  was  made  to  generate  a 
subject-defined  base  network.  Each  subject  was  asked  to  "List  all  the 
main  streets  that  you  know  of  in  Pittsburgh."  Each  subject  was  also 
asked  to  name  as  many  streets  as  he  could  think  of  in  various  selected 
neighborhoods  of  Pittsburgh,  including  the  Downtown  area,  the 
neighborhood  in  which  the  cab  company  is  based,  the  driver's  own  home 
neighborhood,  and  four  lesser-known  neighborhoods. 
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The  first  difficulty  was  in  defining  a  base  network.  If  the  base 
network  is  defined  as  those  streets  named  by  more  than  25%  of  the 
drivers  as  major  streets,  then  there  was  only  about  a  40%  overlap 
between  this  subject-defined  network  and  Pailhous  (1969)  definition, 
which  is  the  set  of  highlighted  streets  on  the  standard  Rand-McNally  map 
of  Pittsburgh.  Second,  this  response-defined  set  constitutes  only  about 
2%  of  the  total  street  system  of  Pittsburgh,  far  less  than  the  10% 
defined  by  Pailhous  for  Paris  streets.  Nevertheless,  for  the  rest  of 
the  study,  the  base  network  is  defined  as  this  response-defined  measure: 
streets  named  by  more  than  25%  of  the  drivers. 

The  first  question  of  interest  is  whether  experts  can  name  more 
streets  than  the  novices.  Table  2  shows  that  in  general  there  is  a 
relationship  between  skill  level  and  number  of  streets  named  within 
neighborhoods.  The  relationship  is  weakest  for  the  Downtown  area,  which 
is  presumably  familiar  to  all  drivers  and  the  relationship  is  strongest 
for  the  four  unfamiliar  neighborhoods.  Although  the  absolute  number  of 
streets  recalled  is  less  for  the  four  unfamiliar  neighborhoods,  the  rank 
order  (Experts,  Intermediates,  Novices,  Controls)  and  the  statistical 
reliability  (£  <  .001)  is  strongest  for  these  neighborhoods. 

Insert  Tables  2  and  3  about  here 


A  similar  result  was  obtained  when  we  asked  drivers  to  name,  or 
otherwise  indicate  that  they  recognized  pictures  of  intersections. 
Table  3  shows  the  percentage  of  pictures  recognized  as  a  function  of 
skill  level  for  three  types  of  intersections  and  the  Parkway,  which  is 
the  major  interstate  highway  system  serving  the  Pittsburgh  area.  There 
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are  two  things  of  Interest  here.  First,  skill  differences  tend  to  show 
up  on  the  secondary  intersections  rather  than  the  base  intersections. 
As  with  the  naming  of  streets,  expertise  tends  to  show  up  on  the  less 
well-known  streets.  Second,  virtually  everyone  recognized  pictures  of 
the  Parkway  although  hardly  anyone  named  it  when  asked  to  name  the  major 
street  system.  When  asked  about  this  discrepancy,  most  people  said  that 
the  Parkway  never  occurred  to  them  when  they  were  generating  the  major 
streets.  This  is  the  only  good  evidence  in  this  study  that  supports 
Pailhous'  contention  that  street  systems  are  hierarchically  organized. 

Generating  Routes 

It  is  in  the  ability  to  generate  routes  that  expertise  really 
emerges.  Taxi  drivers  were  given  21  route-finding  problems  in  the 
laboratory,  followed  several  weeks  later  by  a  field  study  in  which  19 
problems  were  given,  10  repeat  problems  from  the  laboratory  and  9  new 
problems.  Drivers  were  given  an  origin  and  a  destination  in  the 
laboratory  and  they  were  asked  to  describe  the  shortest  route  from  the 
origin  to  the  destination,  disregarding  traffic,  and  further,  if  there 
was  a  longer  but  faster  route,  to  describe  it.  If,  in  the  judgment  of 
the  experimenter,  it  was  possible  to  follow  the  driver's  instructions, 
even  though  some  of  the  actual  streets  weren't  named,  the  route  was 
scored  correctly. 

All  the  origins  and  destinations  were  on  the  response-defined  base 
network,  but  the  routes  were  of  several  different  types.  Eight  problems 
involved  a  fairly  straightforward  route  on  the  base  network  and  four 
problems  involved  two  alternative  base  network  routes,  a  long  and  a 
short.  Four  more  problems  were  best  solved  by  generating  a  route 


through  the  secondary  network.  There  were  several  other  types  of 
problems  that  will  not  be  discussed  In  this  short  paper. 

The  basic  data  of  Interest  are  summarized  In  Tables  4  and  5.  Table 

4  contains  the  data  from  the  eight  problems  with  a  base  network  solution 
and  the  four  problems  with  a  long  and  a  short  base  network  solution. 
Table  5  contains  the  data  from  the  four  problems  with  a  solution 
Involving  the  secondary  network.  The  routes  of  Table  4  were  divided 
into  several  categories:  (1)  improved  route  using  the  secondary 

network,  (2)  shortest  base  route,  (3)  longer  base  route,  and  (4)  lacked 

knowledge,  either  because  the  origin  and/or  destination  were  unknown, 
streets  were  missing,  or  the  route  was  disconnected.  The  routes  of 
Table  5  were  divided  into  two  categories:  (1)  a  short  route  through  the 
secondary  network,  or  (2)  a  long  route  on  the  base  network. 

Insert  Tables  4  and  5  about  here 


Comparing  the  experts  and  novices  on  the  base  network  (Table  4),  it 
appears  that  the  expert  is  more  likely  to  use  the  short  base  route  or 
generate  an  improved  route  through  the  secondary  network,  whereas  the 
novice  is  likely  to  either  take  a  longer  route  or  else  not  have 
sufficient  knowledge  to  generate  a  solution.  Skill  effects  are  much 
more  prominent,  however,  in  problems  with  a  solution  through  the 
secondary  network  (Table  5).  Experts  were  able  to  generate  a  short 
route  through  the  secondary  network  85%  of  the  time,  whereas  novices 
generated  a  longer  route  on  the  base  network  70%  of  the  time.  As  with 


the  naming  and  recognition  of  streets  described  in  the  previous  section 
expertise  manifests  Itself  particularly  on  the  lesser  travelled  streets 


Page  18 


Finally,  Che  data  from  Che  field  sCudy  are  summarized  in  Table  6, 
which  shows  Che  percencage  of  rouces  from  Che  laboracory  sCudy  chac  were 
che  same,  improved  or  longer  in  che  field.  The  resulcs  from  Che  field 
sCudy  can  be  summarized  as  follows.  As  in  Che  laboracory  sCudy,  experts 
were  beccer  Chan  novices.  Expercs  were  more  likely  chan  novices  Co  cake 
che  rouCes  in  che  field  Chac  chey  said  Chey  would  in  che  laboracory. 
Regardless  of  skill  level,  a  substantial  proportion  (25%)  of  rouces  were 
improved  in  the  field. 


Insert  Table  6  about  here 


This  last  result  seems  particularly  important  because  ic  suggests 
that  there  is  an  additional  source  of  knowledge  in  the  field  that  is 
sometimes  not  available  in  the  laboratory.  The  phenomenon  seems  fairly 
straightforward.  It  was  often  noticed  that  as  drivers  set  off  on  routes 
that  were  apparently  the  same  as  the  one  generated  in  the  laboratory, 
they  would  notice  a  shorter  route  along  the  way  that  had  not  occurred  to 
them  in  the  laboratory.  This  additional  source  of  knowledge  can  be 
characterized  as  perceptual  or  iconic  knowledge  that  triggers  known 
routes  associated  with  these  visual  cues.  It  is  suggested  that  this 
perceptual  information,  embedded  in  the  knowledge  base  or  automatic 
procedures,  is  an  important  component  underlying  navigational  skill  of 


taxi  drivers 
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CONCLUSIONS 

Not  surprisingly,  expertise  in  taxi  driving  tended  to  emerge  when 
drivers  were  asked  to  find  routes,  particularly  routes  through  the 
lesser-known  streets.  The  expert's  ability  to  name  and  recognize  more 
of  these  lesser-known  streets  than  the  novice  is  additional  evidence 
that  expertise  involves  a  larger  knowledge  base  acquired  through  years 
of  practice.  The  concept  of  a  2-tiered  hierarchy  of  base  and  secondary 
street  systems  did  not  receive  much  support  in  the  present  study.  Also, 
there  was  no  support  in  the  present  study  for  Pailhous'  (1969) 
contention  that  experts,  as  well  as  novices,  use  the  base  network. 
Rather,  it  seems  that  the  expert  uses  the  secondary  network  whenever  he 
can.  There  are  two  alternative  theoretical  Interpretations,  either  of 
which  is  compatible  with  the  present  data:  either  (1)  there  is  no 
hierarchical  division  of  the  street  system  (with  the  exception  of  the 
Parkway  in  Pittsburgh)  and  streets  vary  on  a  continuum  of  familiarity, 
or  (2)  the  preferred  street  system,  or  base  network,  expands  with 
expertise. 

The  absence  of  any  skill  effects  in  the  various  cognitive  mapping 
tasks  lends  little  support  to  the  idea  that  taxi  drivers  navigate  by 
means  of  a  map  in  the  head.  The  results  do,  however,  suggest  that  the 
large-scale  representation  of  locations  is  hierarchically  organized  such 
that  locations  are  nested  within  neighborhoods,  neighborhoods  are  nested 
within  large  regions  and  larger  regions  are  located  with  respect  to  more 
global  features.  The  importance  of  neighborhoods  in  the  present  study 
contrasts  with  the  apparent  disregard  of  neighborhoods  of  the  Paris  taxi 
drivers  studied  by  Pailhous  (1969). 
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Average  placement  of  the  20  most  well-known  neighborhoods  of 
Pittsburgh  by  15  taxi  drivers  (solid  lines)  and  9  control 
subjects  (dashed  lines).  The  head  of  the  arrow  is  the  average 
placement  and  the  tail  of  the  arrow  is  the  center  of  the 
neighborhood.  Subjects  made  their  placements  on  an  outline  map 
containing  the  3  rivers  and  the  city  limits. 

Average  error  (miles)  for  Experts,  Intermediates,  Novices  and 
Controls  for  three  types  of  distances  estimates:  Within 
neighborhoods,  between  neighborhoods,  and  between  neighborhoods 
separated  by  a  physical  barrier. 


Quadrilateral  Street  Groups 
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Ratings 

1 

2 

3 

4 

5 

Experts  (5) 

1 

5 

9 

4 

1 

Intermediates  (5) 

3 

4 

7 

4 

2 

Novices  (5) 

0 

9 

3 

6 

2 

Cab  Drivers  (15) 

4 

18 

19 

14 

5 

Controls  (9) 

2 

13 

15 

6 

0 

Table  1 


TABLE  2 

Average  Number  of  Streets  Named  for 
Various  Neighborhoods 


Downtown 

Oakland* 

Best  Known 

Four 

Unfamiliar 

Neighborhoods 

Experts 

27 

49 

50 

16 

Intermediates 

30 

37 

32 

9 

Novices 

20 

21 

15 

4 

Controls 

17 

19 

19 

1 

♦Location  of  Cab  Company 


TABLE  4 


Experts 

Intermediates 

Novices 


Frequency  of  Various  Route  Solution  as 
a  Function  of  Skill  Level 


Improved 

Using 

Secondary 

Short 

Base 

Long 

Base 

Lacked 

Knowledge 

9 

34 

16 

1 

5 

37 

16 

2 

2 

31 

13 

_ 2 _ 

Short 

Using 

Secondary 


Long 

Using 

Base 


Expert 


Intermediate 


Novice 


Table  5 


1 


J 


Comparison  of  Routes 
Generated  in  the  Lab 
and 

Travelled  in  the  Field 


Percent 

Same 

Improved 

Longer 

Experts 

74 

26 

0 

Intermediates 

64 

23 

14 

Novices 

55 

23 

21 
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Technical  Information  Office,  Code  201 
NAVY  PERSONNEL  R&D  CENTER 
SAN  DIEGO,  CA  92152 

1  Library,  Code  P201L 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  Technical  Director 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 


1 


LT  Steven  D.  Harris,  MSC,  USN 
Code  6021 

Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 

Dr.  Jim  Hollan 
Code  304 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

Dr.  Norman  J.  Kerr 
Chief  of  Naval  Technical  Training 
Naval  Air  Station  Memphis  (75) 
Millington,  TN  38054 

Dr.  William  L.  Maloy 
Principal  Civilian  Advisor  for 
Education  and  Training 
Naval  Training  Command,  Code  00A 
Pensacola,  FL  32508 


6  Commanding  Officer 

Naval  Research  Laboratory 
Code  2627 

Washington,  DC  20390 

1  Psychologist 

ONR  Branch  Office 
Bldg  114,  Section  D 
666  Summer  Street 
Boston,  MA  02210 

1  Office  of  Naval  Research 
Code  437 

800  N.  Quincy  SStreet 
Arlington,  VA  22217 

5  Personnel  &  Training  Research  Programs 
(Code  458) 

Office  of  Naval  Research 
Arlington,  VA  22217 


Pittsburgh/Glaser  4  Lesgold  September  17,  1932 


Page  2 


Navy 


Roger  Weissinger-Baylon 
Department  of  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  CA  939*10 

Dr.  Robert  Wisher 
Code  309 

Navy  Personnel  RAD  Center 
San  Diego,  CA  92152 

Mr  John  H.  Wolfe 
Code  P310 

U.  S.  Navy  Personnel  Research  and 
Development  Center 
San  Diego,  CA  92152 

Selection  and  Training  Research  Division 
Human  Performance  Sciences  Dept. 

Naval  Aerospace  Medical  Research  Laborat 
Pensacola,  FL  32508 

1  Dr.  Gary  Poock 

Operations  Research  Department 
Code  55PK 

Naval  Postgraduate  School 
Monterey,  CA  939*10 

1  Roger  W.  Remington,  Ph.D 
Code  L52 
NAMRL 

Pensacola,  FL  32508 

1  Dr.  Worth  Scanland,  Director 

Research,  Development,  Test  4  Evaluation 
N-5 

Naval  Education  and  Training  Command 
NAS,  Pensacola,  FL  32508 

1  Dr.  Alfred  F.  Smode 

Training  Analysis  4  Evaluation  Group 
(TAEG) 

Dept,  of  the  Navy 
Orlando,  FL  32813 

1  Dr.  Richard  Sorensen 

Navy  Personnel  RAD  Center 
San  Diego,  CA  92152 


Navy 


1  Psychologist  1 

ONR  Branch  Cffice 
1030  East  Green  Street 
Pasadena,  CA  91101 

1  Special  Asst,  for  Education  and  1 

Training  (0P-01E) 

Rm.  2705  Arlington  Annex 
Washington,  DC  20370 

1  Office  of  the  Chief  of  Naval  Operations  1 
Research  Development  A  Studies  Branch 
(OP-115) 

Washington,  DC  20350 
1  LT  Frank  C.  Petho,  MSC,  USN  (Ph.D) 
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n 


Army 


Air  Force 


R 


Technical  Director 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22 333 


1  Mr.  James  Baker 

Systems  Manning  Technical  Area 
Army  Research  Institute 
5001  Eisenhower  Ave. 
Alexandria,  VA  22 333 


1  Dr.  Beatrice  J.  Farr 

U.  S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


1  Dr.  Earl  A.  Alluisi 
HQ,  AFHRL  (AFSC) 

Brooks  AFB,  TX  78235 

1  Dr.  Genevieve  Haddad 
Program  Manager 

Life  Sciences  Directorate 
AF0SR 

Bolling  AFB,  DC  20332 

2  3700  TCHTW/TTGH  Stop  32 
Sheppard  AFB,  TX  76311 


1  Dr.  Michael  Kaplan 

U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 


1  Dr.  Milton  S.  Katz 

Training  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


Dr.  Harold  F.  O'Neil,  Jr. 

Attn:  PERI-OK 
Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Dr.  Robert  Sasmor 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Dr.  Joseph  Ward 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 
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Marines  CoastGuard 


1  H.  William  Greenup  1  Chief,  Psychological  Reserch  Branch 

Education  Advisor  (E031)  U.  S.  Coast  Guard  (G-P-1 /2/TPH2) 

Education  Center,  MCDEC  Washington,  DC  20593 

Quantico,  VA  22 1 34 

1  Special  Assistant  for  Marine 
Corps  Matters 
Code  100M 

Office  of  Naval  Research 
800  N.  Quincy  St. 

Arlington,  VA  22217 

1  DR.  A.L.  SLAFKOSKY 

SCIENTIFIC  ADVISOR  (CODE  RD-1 ) 

HQ.  U.S.  MARINE  CORPS 
WASHINGTON,  DC  20380 
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Other  DoD 


Civil  Govt 


12  Defense  Technical  Information  Center 
Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 
Attn:  TC 

1  Military  Assistant  for  Training  and 
Personnel  Technology 

Office  of  the  Under  Secretary  of  Defense 
for  Research  4  Engineering 
Room  3D  129,  The  Pentagon 
Washington,  DC  20301 

1  DARPA 

1400  Wilson  Blvd. 

Arlington,  VA  22209 


Dr.  Paul  G.  Chapin 
Linguistics  Program 
National  Science  Foundation 
Washington,  DC  20550 

Dr.  Susan  Chipman 
Learning  and  Development 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

Dr.  Arthur  Melmed 
National  Intitute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

Dr.  Andrew  R.  Molnar 
Science  Education  Dev. 
and  Research 

National  Science  Foundation 
Washington,  DC  20550 


Dr.  Frank  V/i throw 
U.  S.  Office  of  Education 
400  Maryland  Ave.  SW 
Washington,  DC  20202 

Dr.  Joseph  L.  Young,  Director 
Memory  4  Cognitive  Processes 
National  Science  Foundation 
Washington,  DC  20550 
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Non  Govt 


1  Dr.  John  R.  Anderson 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Anderson,  Thomas  H.,  Ph.D. 

Center  for  the  Study  of  Reading 
174  Children’s  Research  Center 
51  Gerty  Drive 
Champiagn,  IL  61820 

1  Dr.  John  Annett 

Department  of  Psychology 
University  of  Warwick 
Coventry  CV4  7AL 
ENGLAND 

1  DR.  MICHAEL  ATWOOD 

SCIENCE  APPLICATIONS  INSTITUTE 
40  DENVER  TECH.  CENTER  WEST 
7935  E.  PRENTICE  AVENUE 
ENGLEWOOD,  CO  80110 

1  1  psychological  research  unit 

Dept,  of  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1  Dr.  Alan  Baddeley 

Medical  Research  Council 

Applied  Psychology  Unit 
15  Chaucer  Road 
Cambridge  CB2  2EF 
ENGLAND 

1  Dr.  Patricia  Baggett 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80309 

1  Ms.  Carole  A.  Bagley 

Minnesota  Educational  Computing 
Consortium 

2354  Hidden  Valley  Lane 
Stillwater,  MN  55032 


Non  Govt 


1  Dr.  Jonathan  Baron 
Dept.  of  Psychology 
University  of  Pennsylvania 
3813-15  Walnut  St.  T-3 
Philadlphia,  PA  19104 

1  Mr  Avron  Barr 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 

1  Dr.  John  Bergan 

School  of  Education 
University  of  Arizona 
Tuscon  AZ  85721 

1  Liaison  Scientists 

Office  of  Naval  Research, 

Branch  Office  ,  London 
Box  39  FPO  New  York  09510 

1  Dr.  Lyle  Bourne 

Department  of  Psychology 
University  of  Colorado 
Boulder.  CO  80309 

1  Dr.  Robert  Brennan 

American  College  Testing  Programs 

P.  0.  Box  168 

Iowa  City,  IA  52240 

1  Dr.  John  S.  Brown 

XEROX  Palo  Alto  Research  Center 
3333  Coyote  Road 
Palo  Alto,  CA  94304 

1  Dr.  Bruce  Buchanan 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 

1  DR.  C.  VICTOR  BUNDERS0N 
WICAT  INC. 

UNIVERSITY  PLAZA,  SUITE  10 
1160  SO.  STATE  ST. 

OREM,  UT  84057 
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Non  Govt 


Non  Govt 


Dr.  Pat  Carpenter 
Department  of  Psychology 
Carnegie-Mellon  University 
Pittsburgh.  PA  15213 

Dr.  John  B.  Carroll 
Psychometric  Lab 
Univ.  of  No.  Carolina 
Davie  Hall  013A 
Chapel  Hill,  NC  27514 

Dr.  William  Chase 
Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

Dr.  Michel ine  Chi 
Learning  R  4  D  Center 
University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

Dr.  William  Clancey 
Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  94305 

Dr.  Allan  M.  Collins 
Bolt  Beranek  4  Newman,  Inc. 

50  Moulton  Street 
Cambridge,  Ma  02138 

Dr.  Lynn  A.  Cooper 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

Dr.  Meredith  P.  Crawford 
American  Psychological  Association 
1200  17th  Street,  N.V,’. 

Washington,  DC  20036 

Dr.  Kenneth  B.  Cross 
Anacapa  Sciences,  Ine. 

P.0.  Drawer  Q 

Santa  Barbara,  CA  93102 


1  LC0L  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSONNEL  APPLIED  RESEARC 
NATIONAL  DEFENCE  HQ 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A  0K2 

1  Dr.  Ed  Feigenbaun 

Department  of  Computer  Science 
Stanford  University 
Stanford.  CA  94305 

1  Dr.  Richard  L.  Ferguson 

The  American  College  Testing  Program 

P.0.  Box  168 

Iowa  City,  IA  52240 

1  Mr.  Wallace  Feurzeig 

Bolt  Beranek  4  Newman,  Inc. 

50  Moulton  St. 

Cambridge,  MA  0213? 

1  Dr.  Victor  Fields 
Dept,  of  Psychology 
Montgomery  College 
Rockville.  MD  20850 

1  Dr.  John  R.  Frederiksen 
Bolt  Beranek  4  Newman 
50  Moulton  Street 
Cambridge,  MA  0213? 

1  Dr.  Alinda  Friedman 

Department  of  Psychology 
University  of  Alberta 
Edmonton,  Alberta 
CANADA  T6G  2E9 

1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O’HARA  STREET 
PITTSBURGH,  PA  15213 

1  Dr.  Marvin  D.  Clock 
217  Stone  Hall 
Cornell  University 
Ithaca,  NY  14853 
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Non  Govt 


Non  Govt 


1  Dr.  Daniel  Gopher  1 

Industrial  A  Management  Engineering 
Technion-Israel  Institute  of  Technology 
Haifa 

ISRAEL  1 

1  DR.  JAMES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH 

2939  O'HARA  STREET  1 

PITTSBURGH,  PA  15213 

1  Dr.  Harold  Hawkins 

Department  of  Psychology 

University  of  Oregon  1 

Eugene  OR  97403 

1  Dr.  Barbara  Hayes-Roth 
The  Rand  Corporation 

1700  Main  Street  1 

Santa  Monica,  CA  90408 

1  Dr.  Frederick  Hayes-Roth 
The  Rand  Corporation 

1700  Main  Street  1 

Santa  Monica,  CA  90406 

1  Dr.  Dustin  H.  Heuston 
Wicat,  Inc. 

Box  986 

Orem,  UT  84057  1 

1  Dr.  Kristina  Hooper 
Clark  Kerr  Hall 
University  of  California 
Santa  Cruz,  CA  95060  1 

1  Glenda  Greenwald,  Ed. 

"Human  Intelligence  Newsletter" 

P.  0.  Box  1163 

Birmingham,  MI  48012  1 

1  Dr.  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  98105 


Dr.  Ed  Hutchins 

Navy  Personnel  RAD  Center 

San  Diego,  CA  92152 

Dr.  Greg  Kearsley 
HumRRO 

300  N.  Washington  Street 
Alexandria,  VA  22314 

Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 

Dr.  Walter  Kintsch 
Department  of  Psychology 
University  of  Colorado 
Boulder.  CO  30302 

Dr.  David  Kieras 
Department  of  Psychology 
University  of  Arizona 
Tuscon,  AZ  85721 

Dr.  Stephen  Kosslyn 
Harvard  University 
Department  of  Psychology 
33  Kirkland  Street 
Cambridge,  MA  02138 

Dr.  Marcy  Lansman 
Department  of  Psychology,  NI  25 
University  of  Washington 
Seattle,  WA  98195 

Dr.  Jill  Larkin 
Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

Dr.  Alan  Lesgold 
Learning  RAD  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 
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Hon  Govt 


Dr.  Michael  Levine 

Department  of  Educational  Psychology 
210  Education  Bldg. 

University  of  Illinois 
Champaign,  IL  61801 

Dr.  Erik  McWilliams 
Science  Education  Dev.  and  Research 
National  Science  Foundation 
Washington,  DC  20550 

Dr.  Mark  Miller 
TI  Computer  Science  Lab 
C/0  282#  Winterplace  Circle 
Plano,  TX  75075 

Dr.  Allen  Munro 

Behavioral  Technology  Laboratories 
1845  Elena  Ave.,  Fourth  Floor 
Redondo  Beach,  CA  90277 

Dr.  Donald  A  Norman 
Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla.  CA  92093 

Dr.  Seymour  A.  Papert 
Massachusetts  Institute  of  Technology 
Artificial  Intelligence  Lab 
545  Technology  Square 
Cambridge,  MA  02139 

Dr.  James  W.  Pellegrino 
University  of  California, 

Santa  Barbara 
Dept,  of  Psychology 
Santa  Barabara,  CA  93106 

MR.  LUIGI  PETRULL0 
2431  N.  EDGEWOOD  STREET 
ARLINGTON,  VA  22207 

DR.  PETER  POLSON 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER.  CO  30309 


1  MIHRAT  M.  L.  RAUCH 
P  II  4 

BUNDESMINISTERIUM  DER  VERTEIDIGUNG 

POSTFACH  1328 

D-53  BONN  1,  GERMANY 

1  Dr.  Fred  Reif 
SESAME 

c/o  Physics  Department 
University  of  California 
Berkely,  CA  9#720 

1  Dr.  Lauren  Resnick 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1  Mary  Riley 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  1521? 

1  Dr.  Andrew  M.  Rose 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  20007 

1  Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  NJ  07974 

1  Dr.  David  Rumelhart 

Center  for  Human  Information  Processing 
Univ.  of  California,  San  Diego 
La  Jolla ,  CA  92093 

1  Dr.  Alan  Schoenfeld 

Department  of  Mathematics 
Hamilton  College 
Clinton,  NY  1332? 

1  DR.  ROBERT  J.  SEIDEL 

INSTRUCTIONAL  TECHNOLOGY  GROUP 
HUMRRO 

300  N.  WASHINGTON  ST. 

ALEXANDRIA,  VA  22314 
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Non  Govt 


1  Committee  on  Cognitive  Research 
*  Dr.  Lonnie  R.  Sherrod 
Social  Science  Research  Council 
605  Third  Avenue 
New  York.  NY  10016 

1  Robert  S.  Siegler 
Associate  Professor 
Carnegie-Mellon  University 
Department  of  Psychology 
Schenley  Park 
Pittsburgh.  PA  15213 

1  Dr.  Edward  E.  Smith 

Bolt  Beranek  &  Neuman,  Inc. 

50  Moulton  Street 
Cambridge.  MA  02138 

1  Dr.  Robert  Smith 

Department  of  Computer  Science 

Rutgers  University 

New  Brunswick,  NJ  08903 

1  Dr .  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  9“ 305 

1  Dr.  Kathryn  T.  Spoehr 
Pscyhology  Department 
Brown  University 
Providence,  RI  C2912 

1  Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  University 
Box  11A,  Yale  Station 
New  Haven,  CT  06520 

1  DR.  ALBERT  STEVENS 

BOLT  BERANEK  4  NEWMAN,  INC. 

50  MOULTON  STREET 
CAMBRIDGE,  MA  02138 

1  David  E.  Stone,  Ph.D. 

Hazeltine  Corporation 
7680  Old  Springhouse  Road 
McLean,  VA  22102 


Non  Govt 


1  DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIENCES 
STANFORD  UNIVERSITY 
STANFORD,  CA  9*305 

1  Dr.  Kikumi  Tatsuoka 

Computer  Based  Education  Research 
Laboratory 

252  Engineering  Research  Laboratory 
University  of  Illinois 
Urbane,  IL  61801 

1  Dr.  John  Thomas 

IBM  Thomas  J.  Watson  Research  Center 
P.0.  Box  218 

Yorktown  Heights,  NY  10598 

1  DR.  PERRY  THORNDYKE 
THE  RAND  CORPORATION 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 

1  Dr.  Douglas  Towne 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
1845  S.  Elena  Ave. 

Redondo  Beach,  CA  90277 

1  Dr.  Benton  J.  Underwood 
Dept,  of  Psychology 
Northwestern  University 
Evanston,  IL  60201 

1  DR.  GERSH0N  WELTMAN 
PERCEPTRONICS  INC. 

6271  VARIEL  AVE. 

WOODLAND  HILLS,  CA  91367 

1  Dr.  Keith  T.  Wescourt 

Information  Sciences  Dept. 

The  Rand  Corporation 
1700  Main  St. 

Santa  Monica,  CA  90406 

1  Frank  R.  Yekovich 
School  of  Education 
Catholic  University 
Washington,  DC  2C064 


